' r HE present understanding of the circulatory e%cts of pericardial effusion is based upon the work of C0hnheim.l
He noted a rise in venous pressure and a fall in the arterial blood priessure when he increased the intrapericardial pressure by introducing oil into a dog's pericardium.
This has since been confirmed by others on many different laboratory animals.
In man, however, studies of the effects of increased intrapericardial pressure on the dynamics of the circulation have been limited to a few isolated observations.
On two occasions, in the same patient, Stewart, Crane, and Deitrich2 made simultaneous observations of the intrapericardial pressure and the venous pressure. They also demonstrated a reduction in the venous pressure and a proportional increase in the cardiac output following paracentesis of the pericardium. Caughey,3 and others, likewise demonstrated a reduction in the venous pressure after perica,rdial paracentesis in eases of pericardial effusion. Zuccola4 measured the reduction in intrapericardial pressure following pericardial paracentesis.
We have had the opportunity of studying the effects of a sequence of changes in the intrapericardial pressure on the human circuIation under conditions more readily controlled. with changes in the intrapericardial pressure are illustrated in Graph I. There were no significant changes in the rate or character of respiration throughout the entire period of observation, hence it is not included in the graph.
Intrapericardiul Pressure.-On entering the pericardium, the pressure was found to fluctuate between +50 mm. of water during inspiration and +lOO mm. during expiration.
This was in accord with many previous observations on this patient. Table I shows the steplike changes in intrapericardial pressure, the amount of air a.dded or removed to produce each change, and the inspiratory, expiratory, and mean intrapericardial pressure at each level. For convenience in discussing the various pressure levels hereafter, the mean intrapericardial pressure will be used.
Once a pressure level in the pericardium was established, it remained constant until altered by further addition or removal of air. There was no evidence of a change in pressure as a result of pericardial stretch, although this has been noted in experimental animals.
The fluctuations in intrapericardial pressure caused by the heartbeat were too rapid to be measured on a water manometer, but they were well recorded on the kymograph (Fig. 2) . The respiratory fluctuations in intrapericardial pressure, since they were slower, could be measured on a water manometer as well as recorded on the kymograph.
Thus, a comparison of the recorded fluctuations caused by the heartbeat with those caused by respiration gave a rough index of the pressure changes within the pericardium produced by systole and diastole. As the intrapericardial pressure was increased, the changes in pressure caused by the heartbeat were less marked, suggesting that there was a decrease in diastolic filling. water.
A subsequent in.crease in intrapericardial pressure produced a proportionate increase in the venous pressure.
With the final elevation of the intrapericardial pressure to 265 mm., the increase in venous pressure was not proportionate, and the difference between them fell to 25 mm. After about six minutes under these conditions, unequivocal signs of severe tamponade became evident.
The patient appeared rather pale, there was cyanosis of the mucous membranes, and she became quite faint.
The pulse became rapid and thready, and the arterial pressure fell. It appears plausible that in this case a venous pressure of 35 to 40 mm. above the press,ure in the pericardium was necessary for the maintenance of an adeauate circulation. THE AMERICAN HEART JOURNAL When the pericardial pressure was reduced by the rapid removal of air, the venous pressure fell, but remained 40 to 50 mm. above the intrapericaidial pressure, and the symptoms of severe tamponade were quickly relieved.
Further reduction in the intrapericardial pressure, to approximately its original level, was accompanied by a fall in venous pressure, also to its original level.
Circulation
Time.-As is shown in Graph III, the circulation time increased from nineteen seconds to a maximum of thirty-eight seconds. As was noted with venous pressure measurements, no significant changes were manifest until the intrapericardial pressure was elevated above 145 mm. of water. This is better illustrated in Graph IV, in which the venous pressure and circulation time are plotted against the mean intrapericardial pressure.
Pulse Rate.-With each increase in the intrapericardial pressure there was an increase in the pulse rate, but the rate tended to return toward its original level after a few moments (Graph V).
Like the venous pressure and circulation time, the pulse rate was not markedly affected until a mean intrapericardial pressure of 145 mm. of water was attained. With further increases in pressure there was a decided increase in pulse rate, reaching a maximum of 148. With the sudden release of pressure in the pericardium, just after the onset of severe tamponade, there was 
